This study investigates the effects of perceptual training on Brazilian English language learners' ability to acquire preantepenultimate stress, or stress on the fourth to last syllable. Since preantepenultimate stress assignment is infrequent in Brazilian Portuguese (BP), it was initially hypothesized that BP speakers would store few examples of this pattern. The training was performed in five sessions and included stress identification tasks followed by immediate feedback. Results confirm the training significantly improved study participants' perception and production of preantepenultimate syllable stress assignment. Furthermore, participants generalized acquired production patterns to unfamiliar words and retained these patterns for two months after training concluded. With frequent perceptual training, it is believed BP speakers could create a new category of English words with preantepenultimate syllable stress. This study demonstrates that perception training, typically used for the perception or the production of sounds, can also be used to improve the production of L2 stress assignment with very positive results.
Introduction
Many factors influence how native speakers judge the accents of a second language (L2) learners, including suprasegmentals like stress, rhythm, and intonation (Munro, 1995) . However, according to Mareüil & Vieru-Dimulescu (2006) , research in this area has focused more on perception of segments rather than of suprasegmentals, giving little attention to the role of prosody in how L2 accents are perceived. Kenworthy (1987) points out that native speakers typically do not understand words due to incorrect stress assignment, not mispronunciation of specific sounds. The author provides a number of examples in which misplaced stress assignment results in misunderstanding. For instance, when stress is placed on the second syllable of the word "written", it is instead understood as "retain". When the syllables com-and -ta-are stressed in the word "comfortable", the word is mistaken for the phrase "come for a table". When the syllables -duc-and -ty are stressed in the word "productivity", the listener may instead hear the phrase "productive tea".
Cruz (2011) published a series of studies which tested the intelligibility of Brazilian English learners' accents as judged by native English speakers. Based on the results of these studies, Cruz developed an original phonological model to teach pronunciation to Brazilian English learners focused on their intelligibility for native speakers. In descending order of pronunciation priorities, the steps of the model are: (1) word stress assignment variation; (2) errors due to spelling interference; (3) inappropriate consonant production; (4) inappropriate vowel production; and (5) vowel insertion. According to this model, thus, stress assignment is the most important aspect in the intelligibility of English as a foreign language. Supporting these findings, Gomes et al. (2014) investigated the intelligibility of Brazilian speakers producing suffixed words with an inadequate stress assignment by three groups of listeners: English native speakers, Brazilian speakers and non-native speakers other than Brazilians. The results showed that Brazilians' incorrect stress assignment may lead to intelligibility problems in the following order: Brazilians > non-native speakers > native speakers. Therefore, according to this research, non-native speakers would have even more difficulties understanding words with an inadequate stress assignment than native speakers themselves.
The rhythm of English is determined largely by the alternation of strong and weak syllables. English is a stress-based language with stress occurring in consistent intervals, and its rhythm derives from a steady rise and fall of strong and weak syllables. Although the distinction between these syllables is phonetic, recent research demonstrates this distinction also plays an important role in perception (Fear et al., 1995) . Researchers in the area of discourse perception and speech recognition have become more interested in the role of prosody, in particular how stress affects speech decodification (Mattys, 2000) . Cutler & Norris (1988) suggest that listeners use stressed syllables as a basis for syllable separation: where there is a stressed syllable, there is a separation.
Despite the obvious importance of stress assignment and its many functions in the English language, the widespread belief that it is too difficult for students to produce English stress patterns makes it a constant afterthought in the English language classroom, and, in its absence, Brazilians struggle to acquire correct stress assignment. Still, languages like English and Portuguese require lexical stress, and stress assignment in these languages is unpredictable. When word stress is not predictable but depends on lexical identity, it is somehow included in the lexical representation associated with the particular word and must be contained in the speakers´ mental lexicon (Protopapas, 2016) .
Rhythm differences in the languages is another important factor that makes it even more challenging for native BP speakers to learn English stress. Fudge (1984) points out:
Because English rhythm is stress-timed, a wrong stressing will lead to a wrong and misleading rhythm (...). Comprehensibility depends on rhythm, and therefore the placing of stress within words can play a large part in determining how well a native English hearer will understand the foreign speaker (Fudge, 1984, p. 4) .
Adult learners trying to acquire non-native phonemic contrasts confront the problem of a pre-existing phonological system that may interfere with the creation of new phonetic categories (Logan et al., 1991) . According to Beckman & Pierrehumbert (2000) , speakers hear and produce the sounds of other languages consistent with categories formed in their first language (L1). Between the differences described above and the lack of formal rules dictating English stress assignment, the best way for non-native speakers to learn stress is through practice. Brawerman (2006) carried out a study to examine how BP influences Brazilian English learners' production of suffixed words in English with preantepenultimate stress assignment. Because this stress pattern is rare in Portuguese (Note 1), Brazilian learners either take years to acquire it, or they simply continue to produce Portuguese stress patterns and transfer them to their English speech. The initial hypothesis of the 2006 study was that native BP speakers have a barrier around producing words with preantepenultimate stress, given their rare occurrence in BP, and therefore make substantially more mistakes when pronouncing words with this stress pattern. In the end, the study proved this hypothesis to be true. Results showed that from the thousand possible answers for each type of stress assignment, 728 were incorrect in sentences including words with preantepenultimate stress while only 117 were incorrect in sentences including words with antepenultimate stress (stress on the third to last syllable) or penultimate stress (stress on the second to last syllable). Results were similar when participants pronounced the words individually: 760 words with preantepenultimate stress were incorrectly pronounced as compared to 115 words with antepenultimate or penultimate stress.
Participants of that study explained that their trouble with English words with preantepenultimate stress was they simply had not considered the possibility of placing stress on the fourth to last syllable of a word. According to them, Brazilians do not pronounce words that way, and when the participants listen to native speakers, they are more concerned with understanding the main idea than with pronunciation. This may cause a problem. Since students rarely practice English stress assignment and lack input with examples of words with preantepenultimate stress, they cannot comprehend the possibility of stress assignment different than that found in Portuguese. The results of Brawerman's 2006 study inspired the present study, which seeks to understand how providing accurate input to Brazilian students through perceptual training influences their production of words with preantepenultimate stress. This study parts from the hypothesis that BP speakers store few examples of words with preantepenultimate syllable stress. Due to its infrequency in BP, preantepenultimate stress is not a common or productive pattern for them. According to Bybee (2001) , "the degree of productivity is determined (at least in part) by the number of items participating in a common pattern" (p. 121). The mental representation of a linguistic item is strengthened every time a speaker accesses it. Since BP speakers rarely access, use, or apply words with preantepenultimate stress, the number of representations with this stress assignment is weak.
Due to a lack of awareness and production practice about preantepenultimate stress in the English language classroom, BP speakers have a difficult time accurately pronouncing the pattern. But how can this difficulty of preantepenultimate stress assignment be reduced if students do not have the knowledge or constant exposure to this type of word? Here, perceptual training seems to be an extremely viable alternative. Due to its ability to generate accurate input, students are able to hear the correct pronunciation of a word and pay attention to preantepenultimate stress patterns.
This study is innovative for a number of reasons (Note 2). First, the majority of perceptual training studies have been conducted in countries where English is the first language (e.g., Logan et al., 1991; Lively et al., 1993; Bradlow et al., 1997) , and very few of them have carried out trainings for BP speakers (Denize-Nobre, 2007; Bettoni-Techio, 2008) . Second, many perceptual training studies focus on improving perception skills (e.g., Strange & Dittman, 1984; Wang & Munro, 2004) , but few test the transfer of improved perception to production (e.g., Wang, 2002; Yamada et al., 1996) . Ultimately, among the very few studies in this area, the most notable development seems to be the research on stress perceptual training and its relation to production (Bissiri et al., 2006; Ou, 2011; Schwab & Llisterri, 2014; Romanelli et al., 2015) (Note 3).
The Importance of Frequency
Bybee (2001) affirms that speakers store and organize examples from new input according to similarities found in previously stored examples. She argues that the frequency of use of words and certain language patterns affects the nature of mental representation, and, in some cases, the phonetic formation of words.
Experience, therefore, affects representation, and usage affects representation in memory. Bybee (2007) points out, "Repetition strengthens memory representations for linguistic forms and makes them more accessible" (p. 10). As such, speakers can more easily access high as opposed to low frequency words. In fact, if representation is too weak, it may be forgotten; hence Bybee's (2001) assertion that repetition in language is critical. She also argues that strong repetition affects phonological structures, increasing automatic production of high frequency words. Bybee (2001 Bybee ( , 2008 laid out two ways of counting the frequency in language: token frequency and type frequency. Token frequency refers to how often a unit, usually a word, appears in a text. Type frequency refers to how often a particular pattern, such as a stress pattern, an affix, or a consonant cluster, appears in a dictionary and how many distinct items each pattern represents. Consistent with this analysis, the penultimate stress pattern would be the highest frequency stress pattern of its kind in BP. In English, this pattern has the highest frequency with two syllable words, but the antepenultimate stress pattern has the highest frequency with three and four syllable words.
Frequency of use also determines a pattern's productivity, or how often it is applied to new forms. Bybee suggests that a pattern's productivity be determined to a great extent by its type frequency. This way, the more examples in the pattern's schema, the stronger it is and the more likely it is to be applied to new items. Type frequency is, therefore, relevant in determining the strength of phonological patterns like word stress assignment. According to Ellis (2002) , type frequency determines productivity for three reasons. First, the more learners hear items pronounced in a specific way or position, the more likely they are to form a new category from those constructions rather than associate them with just one item in particular. Second, the more items a category has, the more general its criteria and the more likely it is to extend its criteria to new items. Finally, a high type frequency guarantees a construction's frequent use, strengthening its representation schema and making it more accessible to new items. Bybee's (2001) categorization model also emphasizes and is strongly influenced by input. In this model, predictable characteristics are mapped and represented in memories of similar or identical past experiences while new and unpredictable characteristics create new memories. Linguistic items are organized by their observable regularities and similarities, and they are connected to a network of related items, making them easier to draw on. For example, when one word is activated, it, in turn, activates other phonetically similar words.
In usage-based theories, the role of the L1 in the acquisition of a L2 is seen as both positive and negative. When languages have similar constructions, the L1 may lay a foundation for new L2 constructions. However, even similar constructions differ in the details, and, as such, the L1 may also complicate the acquisition of complex L2 patterns. Despite these complications, sufficient input and practice combined with motivation and ability may guarantee the acquisition of non-native patterns. Therefore, while lack of exposure to native-like input complicates L2 acquisition, any learning material will naturally contain frequent constructions. To acquire less frequent constructions, both the student and teacher will need to put forth greater efforts, but as long as learners have ample exposure to L2 categories, they can use these mechanisms to facilitate their L2 learning.
Regarding the importance of frequency in word stress assignment, Gomes et al. (2014) demonstrated that the most problematic words for Brazilians' intelligibility of words with an inadequate stress assignment were those with little token frequency or with little type frequency in their first language. Also, Waniek-Klimczac (2015) conducted a study about the factors affecting word stress recognition by advanced Polish learners of English and suggested that word frequency reflects the level of stress assignment difficulty and it is also related to learner-specific input.
The study described in this paper is grounded in the importance of frequent exposure and adequate input for the acquisition of L2 patterns. Working from this premise, perceptual training was carried out for Brazilian English learners to test their acquisition of the preantepenultimate syllable stress pattern. The subsequent sections will describe the methodology and results obtained.
Methodology
This study aims to determine if perceptual training effectively helps Brazilian English learners acquire preantepenultimate syllable stress. The five research questions are as follows: 1) Will perceptual training improve the participants' perception of preantepenultimate syllable stress?
2) Will the effects of this study be generalized for the perception of new items and new speakers?
3) Will perceptual training improve the participants' production of preantepenultimate syllable stress? 4) Will the effects of this study be generalized for the production of new words? 5) Will the production improvement be retained for two months after the training has ended?
The 30 study participants were Brazilian students majoring in Portuguese and English language arts at a federal university in the south of Brazil. They were divided in two groups: the Experimental Group (EG) with 30 students and the Control Group (CG) with ten. All EG participants had had nearly 400 hours of English instruction in their undergraduate studies while the CG participants were one or more semesters ahead with about 540 hours. The CG was used in the testing, but not in the training. Consequently, it was possible to identify if the EG's improvement was due to the training itself or to the repetition of the tests, which could have somehow become easier with time or whose answers could have been memorized.
Five American native English speakers served as interlocutors for this study, recording all stimuli present in the training and perception tests. Two of the Americans participated in the training as well as in the pre-and post-perception tests: a 51-year old woman who had lived in Brazil for 40 years, and a 38-year old man who had lived in Brazil for 12 years. The other three interlocutors were women between 25 and 40 years old who had been living in Brazil anywhere from four months to two years.
EG participants carried out all the following tasks in the span of 23 days with the exception of the retention test, which was administered about two months after the training had ended. 
The Tests
The study included the following tests: a pre-and post-production test, a production generalization test with new words, a production retention test, a pre-and post-perception test, and a perception generalization test with new words and new speakers.
The production tests had 40 words with preantepenultimate syllable stress as well as 20 distractor words with antepenultimate or penultimate syllable stress. Thirty of the words with preantepenultimate stress had four syllables and 10 of them had five syllables (see Table 1 ). The distractors and five-syllable words with preantepenultimate stress were used to check if participants would acquire accurate stress assignment after the training or make the incorrect generalization that longer words tend to have stress on the first syllable. For the production tests, the participants first read 40 sentences. Each sentence contained a word with preantepenultimate stress pre-selected for analysis. The participants then read each of the 40 words with preantepenultimate stress independently as well as 20 of the distractors with antepenultimate or penultimate stress. All 60 words were printed on cards that had been shuffled before the test to ensure randomness and avoid ordering effects.
Participants took the production post-test and the generalization test in the same sitting. For the production post-test, they were recorded saying the same group of 40 sentences containing words with preantepenultimate stress followed by the same group of 40 words with preantepenultimate stress mixed with the 20 distractors with antepenultimate or penultimate stress. The generalization test comprised 25 new words with preantepenultimate stress: 20 with four syllables and five with five syllables (see Table 2 ). These words had not been included in the training or heard at any point by study participants. They were selected arbitrarily to ensure randomness of all tests. The retention test was carried out about two months after the production post-test, and its format mirrored that of the production pre-and post-test. The CG did not take this test as there was no knowledge to retain.
The perception tests were performed with Microsoft Access 2003. They comprised 150 stimuli, 50 words repeated three times, and were carried out in five sessions, each with 30 stimuli. These stimuli were the same 40 words with preantepenultimate stress used in the production tests (see Table 1 ) together with ten new distractor words with antepenultimate or penultimate stress (see Table 3 ). The perception test program randomized and repeated all of these words three times. After every session, or 30 stimuli, the program showed a slide with the word "break", and the participants could choose to rest or continue with the test.
The test consisted of identification tasks, in which the participants heard a stimulus word and had to identify the stressed syllable. The test computer screen showed four or five numbered buttons, depending on the number of syllables in the word, but it did not show the written word. To identify the stressed syllable, the participants used a mouse to click on the button referring to the number of the stressed syllable. For example, if the stimulus was the word "elevator", four buttons would appear on the screen. The participant would need to click on the first button corresponding to the first syllable of the word (see Figure 1) . The participants could hear the stimulus as many times as necessary by clicking on a button labeled "play again". After they selected their answer, an arrow appeared on the test screen. If they clicked on the arrow, the participants would automatically hear the next stimulus. The percep speakers g training.
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Final C
The importance of type frequency predicts that each time an item is activated, it triggers other items in the same category, and, because items are organized in schema, accessing one exemplar activates similar exemplars. According to Bybee (2001) , "Generalizations over forms are not separate from the stored representations of forms but emerge directly from them (...). New forms can be produced by reference to existing forms" (p. 7). Thus, the post-training generalization participants performed in this study is convincing. It can be inferred they produced new forms of words with preantepenultimate stress from stored representations of this form.
According to Bybee (2001) , the frequency with which certain language patterns occur affects the nature of mental representations, making it so more frequent patterns are more strongly represented. This explains study participants' difficulty producing words with preantepenultimate stress before the training, and their relative ease in producing the same words after. In fact, if stress assignment in languages with unpredictable stress is learned merely through the speaker´s use, the training gave the participants the opportunity to use these words. Participants' improvement may also be due to the vast number of words used in the training given that:
Schemas, which are organizational patterns across lexical items, gain strength from the number of different items participating-that is, by their type frequency. Stronger schemas are more productive; that is, they are more likely to be used to produce new words (Bybee, 2001, p. 28 ).
According to Usage-Based Phonology, speakers constantly update their mental representations. Two types of changes may exist: progressive change and conclusive change. The former is the gradual adoption of new linguistic structures in place of older ones. The latter change is consecutive, occurring after progressive change, and decisive: at this stage there are no longer two competing forms because one of them has already replaced the other. It follows that if study participants continue to be constantly exposed to words with preantepenultimate stress, this pattern can entirely replace the other forms and generate a conclusive change. Yet, if participants do not continue to be exposed to this stress pattern, the preantepenultimate category may grow weaker. It is possible participants would revert to using L1 stress patterns in English words with preantepenultimate stress, and, as a consequence, preantepenultimate stress examples would gradually disappear from their mental lexicon. A future study examining this possibility with the same study participants may lead to compelling insight.
In conclusion, study results showed significant improvement in the perception of preantepenultimate stress assignment and in the transfer of this improvement to the domain of production. This study demonstrates that perception training, typically used for the perception and/or the production of segments, can also be used to improve the production of L2 stress assignment with overwhelmingly positive results. We anticipate that this study will inspire other researchers to deepen their understanding of how perception training affects the acquisition of stress patterns, and we especially hope it encourages language teachers to take advantage of all perception training has to offer, using it as a teaching tool in their classrooms not only to the study and practice of stress patterns in particular but also to improve their pronunciation skills overall.
